Relationships between membrane lipid composition and biological properties of rat myocytes. Effects of aging and manipulation of lipid composition.
Cultures of newborn rat heart myocytes undergo major age-related alterations as demonstrated by comparing 5-6-day-old cells ("young cells") and 14-15-day-old cells ("old cells"). This includes: changes from spherical to elongated shape; sphingomyelin and cholesterol level/cell increase by 100% and 50%, respectively, while the phosphatidylcholine is reduced by 15-20% with almost no change in content of total phospholipids. There is a 50% increase in total protein content/cell while DNA content remain constant. The specific activity of seven marker enzymes representing most subcellular organelles is increased. Beating rate is reduced from 160 +/- 20 to 20 +/- 20 beats min-1. All the above age-dependent alterations are affected by modification of cellular polar lipid composition. Small unilamellar vesicles of egg phosphatidylcholine added to the growth medium of old cells serve as donor of egg phosphatidylcholine to the cells and as acceptor of cellular sphingomyelin and cholesterol. Sphingomyelin-phospholipid exchange can be separated from cholesterol depletion either by using vesicles of egg phosphatidylcholine/cholesterol mixtures which serve only in the phospholipid exchange process, or by small unilamellar vesicles of sphingomyelin which act only as efficient cholesterol acceptors. Such experiments indicated that the major response of old cells is to alteration in the phosphatidylcholine to sphingomyelin mole ratio, while changes in the cholesterol level induce smaller effects. Thus, reversal of phosphatidylcholine to sphingomyelin mole ratio to the values shown by young cells reverse cellular functions and features which were altered by cell aging to levels found in young cells. This includes: increase in the beating rate back to 160 +/- 20, reduction in the total protein level and in the specific activity per DNA content of seven marker enzymes and reappearance of spherical cell shape. These results suggest that membrane lipid composition has major influence on cellular properties which as described in the accompanying paper (Yechiel, E., Barenholz, Y., and Henis, Y. I. (1985) J. Biol. Chem. 260, 9132-9136), may be mediated through the organization and dynamics of the cell membranes.